Prisons and other closed facilities create opportunities for transmission of human immunodeficiency virus (HIV) and viral hepatitis during detention and after release. We conducted a systematic review and meta-analysis of peer-reviewed publications (2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) to describe the prevalence of HIV, hepatitis C virus, and hepatitis B virus among key populations in prisons worldwide and to compare estimates of infection with those of other prison populations. Most data were reported for people who inject drugs (PWID; n = 72) and for men who have sex with men (MSM; n = 21); few data were reported on sex workers (SW; n = 6), or transgender women (n = 2). Publications were identified from 29 countries, predominantly middle-and high-income countries. Globally, PWID had 6 times the prevalence of HIV (pooled prevalence ratio (PPR) = 6.0, 95% CI: 3.8, 9.4), 8 times the prevalence of hepatitis C virus (PPR = 8.1, 95% CI: 6.4, 10.4), and 2 times the prevalence of hepatitis B virus (PPR = 2.0, 95% CI: 1.5, 2.7) compared with noninjecting prisoner populations. Among these articles, only those from Iran, Scotland, Spain, and Italy included the availability of methadone therapy; 2 articles included information on access to needle exchange programs by PWID detainees. HIV prevalence was more than 2 times higher among SW (PPR = 2.6, 95% CI: 2.2, 3.1) and 5 times higher among MSM (PPR = 5.3, 95% CI: 3.5, 7.9) compared with other prisoners. None of these articles reported HIV prevention coverage among SW or transgender women; 1 described HIV and sexually transmitted infection screening for MSM in prison. Prevention programs specific to key populations are important, particularly for populations that are criminalized and/or may cycle in and out of prison. drug use; HIV; men who have sex with men; prison; sex work; transgender persons; viral hepatitis Abbreviations: BBV, blood-borne virus; HBV, hepatitis B virus; HCV, hepatitis C virus; MMT, methadone maintenance therapy; MSM, men who have sex with men; PPR, pooled prevalence ratio; PWID, people who inject drugs; STI, sexually transmitted infection; SW, sex worker; TB tuberculosis; TGW, transgender women.
INTRODUCTION
Prisons and other closed facilities, including jails, compulsory drug detention centers, and other detention settings, present opportunities for transmission and acquisition of human immunodeficiency virus (HIV) and viral hepatitis during detention and after release. A recent meta-analysis by Dolan et al. (1) described the high burden of these blood-borne infections among prisoners in 2005-2015 at the global and regional levels. Hepatitis C virus (HCV) represents one of the most prevalent forms of bloodborne viruses (BBVs) among prisoners, with some 1.5 million prisoners (15%) globally estimated to be living with HCV (1) . HIV prevalence, with an estimated prevalence of 4% among the global prison population (1) , is almost 5 times that of the 2013 global, nonprison estimate of 0.8% (2) . This estimate among prisoners, however, is marked by substantial regional variation, which reached approximately 15% in East and Southern Africa, 8% in West and Central Africa, and 5% in Eastern Europe Central Asia and Western Europe (1) . Chronic hepatitis B virus (HBV) is similarly heterogeneous, reaching a prevalence of almost 25% of the prison populations in West and Central Africa, 10% in Eastern Europe Central Asia, and substantially lower in regions such as North American and Western Europe, where there is high HBV vaccine coverage (1) .
The increased burden of these diseases within prisons and closed settings has largely been attributed to multilevel risk factors. These include individual risk behaviors such as unprotected sexual activities and shared use of injecting equipment, as well as factors associated with the prison setting, including prison management, lack of provision to prevention and care options, overcrowding, violence, poor protection of vulnerable populations, lack of staff training, and poor linkage to social and medical services upon release (3) . At the community level, factors that are also associated with increased burden of disease include interruptions of family and sexual relationships, interruptions in employment and medical services, and over-incarceration of vulnerable groups such as those in this review: men who have sex with men (MSM), sex workers (SWs), people who inject drugs (PWID), and transgender women (TGW) (4, 5) . With the global prison population estimated to exceed 11 million in 2016 and with a greater number transitioning in and out of prison on an annual basis (6) , there is a public health imperative and opportunity to address transmission risks through the provision of multiple prevention and treatment approaches in these settings.
In 2013, the United Nations Office on Drugs and Crime launched a comprehensive package of 15 interventions to prevent transmission of HIV and related infections in prisons and other closed settings (7) . The comprehensive package includes the basic tenets of prevention and care, such as provision of information, HIV testing and counseling, HIV care and treatment, postexposure prophylaxis, and vaccination and treatment of viral hepatitis (7) . Other harm reduction approaches, however, are also recommended, including drug treatment such as opioid agonist therapy, needle and syringe exchange programs, condom distribution, and prevention of sexual violence (7) . These additional interventions recognize both the vulnerability to HIV acquisition that exists among detained individuals who engage in these behaviors and the likelihood of imprisonment due to criminalization of such behaviors or other related activities.
Globally, key populations such as MSM, SWs, PWID, and TGW bear a disproportionate burden of HIV infection. Compared with the general population, HIV prevalence is 28 times higher among PWID than those who do not inject, while the odds of HIV infection among female SWs is 13 times greater than that among women in the general population (8, 9) . Most disturbing, a global meta-analyses demonstrated that TGW are 49 times more likely to be living with HIV infection than all adults of reproductive age (10) . As with global estimates of HIV among prisoners, these estimates have substantial regional heterogeneity due to population differences, access to HIV prevention and care, and regional variations in the epidemic. For example, the odds of HIV infection were 33-fold higher among MSM compared with men reporting heterosexual sexual contacts only in the Americas, whereas in Europe, the odds were only 1.3-fold higher among MSM than among men reporting heterosexual sexual contacts only (11) . HCV, chronic HBV mono-infections, and coinfections with HIV are also more common among PWID and MSM, respectively (12) . In addition to being at increased risk for these BBVs, key populations are often targeted for arrest and incarceration due to the criminalization of drug possession and use, sex work, same-sex practices, and gender nonconformity (4, (13) (14) (15) (16) (17) . For key populations, prison and other closed settings provide a risk environment where HIV and viral hepatitis can be acquired or transmitted but also provide an opportunity in which acquisition and transmission may be halted through screening, diagnosis, treatment, and prevention.
This review aimed to estimate the burden of HIV and viral hepatitis among key populations compared with their counterparts in prison and other closed settings around the world.
Among the identified studies in which disease prevalence or incidence for key populations in prison and other closed settings was reported, we also assessed any incidentally reported coverage of interventions that were present during detention and were consistent with or a component of the United Nations Office on Drugs and Crime's comprehensive package (7) .
METHODS
Data extracted for this analysis were derived from a previous systematic review of studies in which prevalence and incidence data were reported on HIV, HCV, HBV, tuberculosis (TB), and TB/HIV coinfection among individuals residing in prisons, jails, detention, and other closed settings (1) . That systematic review searched for studies that reported biologic measures to assess prevalence and/or incidence of HIV, HCV, HBV, TB, and coinfections among prisoners detained in prisons, jails, and compulsory drug detention centers, and were published between January 1, 2005, and November 30, 2015 (1) . To achieve the goals of the analysis reported here, we conducted a second review of all manuscripts and reports identified in the original systematic review with the intent of examining the burden of infection among the key populations of PWID, MSM, SWs, and TGW detained in prisons or other closed facilities. Because the original search ended with studies published up to July 2015, we further updated the search to identify articles published between July 2015 and July 2017.
Original systematic review
The methodology of the original review has been described elsewhere (1) . PubMed, Embase, Cumulative Index of Nursing and Allied Health, and Criminal Justice Abstracts with Full Text databases were searched to identify peer-reviewed publications in any language from January 1, 2005, through July 15, 2017. Web Appendix 1 (available at https://academic.oup.com/ aje) provides the search terms used for each database. The search was augmented by an email call for reports sent in October-November 2015 to prison and corrective services departments identified on prisonstudies.org for countries without data identified during the systematic review search. All literature was independently reviewed for eligibility by 2 research assistants, with faculty oversight, using a title and abstract review followed by a full-text review of publications with data abstraction.
Peer-reviewed publications and reports were included in the original search when they met all inclusion criteria: original or primary research; included individuals living in prisons, detention facilities, correctional facilities, jails, compulsory drug detention/rehabilitation, or forced labor camps; included biologically confirmed HIV, HCV, HBV, or TB infection; were published in a peer-reviewed journal or a report, or were presented as an abstract at a scientific conference after January 1, 2005. The search was not restricted to any language, although data extraction was subsequently restricted to 4 languagesEnglish, Russian, Spanish, and French-which resulted in an exclusion of approximately 5% of articles included in the fulltext review. Articles were excluded if they were case studies of 1 patient or participant; studies of individuals in voluntary drug treatment or rehabilitation or detoxification programs; studies of former prisoners; included self-reported HIV, HCV, HBV, or TB infections without biological confirmation; or were secondary sources (e.g., reviews, commentaries).
Data extraction for key populations
A total of 6,943 publications were initially identified after deduplication during the original systematic review; 299 met inclusion criteria and provided data for the original metaanalysis (1) . These articles underwent a second screening for data relevant to key populations, resulting in 102 articles with data pertaining to key populations in prisons and other closed settings. During the updated search to identify articles published between July 2015 and July 2017, we initially identified 1,208 articles after deduplication; of these, 43 were included in the full-text review, and 9 contained relevant data on BBVs among key populations in prisons and other closed settings.
Given the variation in terminology used to classify key populations and relevant behaviors, we used broad inclusion criteria for each key population group. Articles were included as relevant to MSM if they described a sample or subsample of prisoners who reported anal sex or unspecified sex with another man before or during incarceration; identified as homosexual/ gay and/or bisexual identity; or were reportedly living in MSMspecific units of the prison under study. Articles were included as relevant to SWs if they described a sample or subsample of prisoners who reported engaging in sex for money, drugs, or other items of value before or during incarceration or were imprisoned on prostitution-related charges. Articles were included as relevant to PWID a sample or subsample of prisoners was described that had injected any drug before to or during incarceration. Articles were included as relevant to TGW if a sample or subsample of prisoners was described who reported a transgender or female identity and were assigned male sex at birth, reported any gender-transition care, or reported being housed in units specific to TGW. Web Figure 1 provides the Preferred Reporting Items for Systematic Reviews and MetaAnalyses search flow diagram.
Available data were extracted from identified articles, including prevalence and incidence data for each disease of interest among each key population and its comparison group. For articles or reports in which prevalence or incidence data were reported on the BBVs among key populations, incidentally reported coverage of any concurrent HIV, HCV, and HBV interventions were also extracted. These included reports of opioid agonist therapy, needle and syringe exchange programs, condom distribution, HIV and HCV testing, and treatment and care for key populations.
Statistical analyses
Data were analyzed according to infection by key population group and estimates calculated to produce pooled prevalence ratio (PPR) estimates for each infection among each key population. Only studies that provided data for both the key population of interest and a comparison group were included in the meta-analysis. Analyses were implemented in Stats Direct 3 (StatsDirect Ltd., Cheshire, United Kingdom) using metaanalyses with random effects that incorporated inverse double arcsine square root to calculate the PPR. All meta-analyses were performed using random effects models, which account for interstudy variation, given the expected heterogeneity between studies. Heterogeneity was assessed using the I 2 statistic, which describes the percentage of variation between studies that is due to heterogeneity rather than chance. Scarcity of data precluded pooled estimates for TGW and for estimates of HBV and HCV among SWs. No articles in which TB prevalence or incidence were reported included data on any of the key populations; thus, we focused on HIV and viral hepatitis infections.
We present the summarized data for key populations by country and region; the available data provide insight into the increased burden of infectious disease among imprisoned PWID, SWs, MSM, and TGW (Web Tables 1-4) . Throughout this article, we refer to prisoners and detainees, though this is meant to be largely reflective of all individuals residing in prisons, jails, detention facilities, and other closed settings.
RESULTS
Of 299 articles from 74 countries identified in the original search to report the BBVs among prisoners, epidemiologic data for key populations were reported in 73 articles. Our updated search to identify new articles published between 2015 and 2017 identified another 9 articles with data for key populations. Collectively, these provided 82 articles describing BBVs among key populations, including 77 among PWID, 7 for SWs, 24 for MSM, and 2 for TGW; some studies provided data for multiple populations. Data pertaining to incarcerated key populations were only available from 29 countries (Figure 1 ).
People who inject drugs
Of all articles identified for PWID, most reported on HIV and HCV infection, with 62 and 61 data points, respectively, whereas 29 reported on HBV infection (Web Table 1 ). Most studies originated from the United Nations-designated Middle East and North Africa region, followed by studies from Asia and the Pacific. Despite the high prevalence of injection drug use in Eastern Europe and Central Asia, only 4 articles provided relevant information on any of the 3 infections of interest for this review (i.e., HIV, HCV, HBV) in this region. One study was identified from Ghana in the West and Central African region (18) .
The PPR of HIV infection among PWID compared with that of noninjecting populations was 6.0 (95% confidence interval (CI): 3.8, 9.4; P < 0.001) ( Figure 2 ). Substantial regional variation, however, was present among these studies and the prevalence ratio was at least 10 times higher among PWID compared with noninjecting counterparts in Asia and the Pacific, Latin America and the Caribbean, and Western Europe. In Sao Paulo, Brazil, prison inmates were predominantly serving sentences for drug trafficking, but less than 10% of the prison sample reported injecting drugs. The odds of HIV infection among these individuals, however, was 10-to 15-fold that of the noninjecting prisoners (19, 20) . In 1 study of 3,315 female prisoners in the state of Connecticut in the United States, researchers found that injection drug use was associated with an adjusted 10-fold odds of HIV infection among PWID, compared with noninjecting populations (21) . Finally, in a study of prisoners in Spain (n = 800), of whom greater than one-third were PWID and male, the adjusted odds of HIV infection among PWID was estimated as 45-fold that of noninjecting prisoners. Moreover, almost all of those prisoners living with HIV were coinfected with HCV (22) .
Slightly less heterogeneity existed in estimates of HBV infection among PWID, with a PPR of chronic hepatitis B of 2.01 (95% CI: 1.5, 2.7; P < 0.001) among PWID prisoners relative to noninjecting populations in prison ( Figure 3 ). Higher estimates, nearing 4 and 5 times that of the noninjecting populations, were reported in Brazil, Northern Ireland, and Ghana (18, 20, 23) . The adjusted odds of HBV infection was also 4-fold among PWID compared with noninjecting populations in correctional centers in Australia in 2004; however, no such difference was found in subsequent studies and may be explained by low vaccine coverage at the time of the study (24) . Finally, unlike the other studies, prevalence estimates of HBV infection in Indonesia among PWID compared with the noninjecting population were lower (1.1% vs. 3.9%, respectively). The reference group for this study, however, was noninjection drug users who may have had other risk factors, such as sexual risks (25) . Incidence estimates were provided for a sample of reincarcerated female inmates in Rhode Island. Greater than 40% of the 297 participants reported a history of injection drug use; among these, the incidence of HBV infection was 27.5 per 100 person-years, with an incidence rate ratio of 7.1 compared with those with no injection drug use history. In this same study, HCV incidence was also high, with a rate of 45 per 100 person-years and an incidence rate ratio of 4.5, compared with those without a history of injection drug use (26) .
HCV was the most prevalent of the BBVs among PWID, with a PPR of 8.1 (95% CI: 6.4, 10.4; P < 0.001) compared with noninjecting prison populations (Web Table 1 ; Web Figure 2 ). Extreme disparities in HCV infection, however, were noted in Australia, Brazil, Mexico, Canada, the United States, Iran, Pakistan, and Spain (20, 24, (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) . Though HIV infection was well controlled among PWID prisoners in Australia, at less than 1% prevalence, HCV infection estimates exceeded 50% among PWID compared with 3%-4% among noninjecting populations in studies conducted between 2004 and 2013 (24, (27) (28) (29) . According to recently published findings from a prospective cohort of male and female PWID prisoners in 23 correctional centers in Australia, the estimated incidence of HCV infection was 11.4/100 person-years among the overall population and the incidence was 6.3/100 person-years among the population that was continuously imprisoned (38) . Similarly, in Canada and the United States, the prevalence of HCV infection exceeded 30% among PWID, whereas HIV prevalence was substantially lower (26, 32, 33, (35) (36) (37) . A study of 1,002 adolescent detainees in Texas demonstrated that HCV infection begins early in the injecting career of PWID. In this study, 2% of the total population was positive for HCV; however, 95% of these infections were among detainees with any history of injection drug use (34) .
Of the articles that reported epidemiologic data for PWID, coverage data for any HIV or viral hepatitis interventions among PWID were reported in 7 studies (39) (40) (41) (42) (43) (44) (45) . One study Figure 1 . Countries for which articles or reports were found that provided prevalence or incidence data for human immunodeficiency virus, hepatitis C virus, and/or hepatitis B virus among key populations. Sources were published between January 2005 and July 2017. Black indicates data available; gray, data not identified.
in Iran reported the 13-year trend (1999-2011) in HIV prevalence among 212,475 male PWID in prison. Prevalence increased from 1.6% in 1999, peaked at 3.8% in 2002, then declined to 1.3% in 2011. The decline in prevalence was attributed to the scale up of "triangular clinics" (voluntary testing and counseling programs for HIV, sexually transmitted infection (STIs), and drug dependence) across all prisons and an expanded methadone maintenance therapy (MMT) program, which covered 38,256 prisoners by December 2011 (40) . MMT was also available in Ireland, Scotland, and Spain (43) (44) (45) , though less than 15% of imprisoned PWID reported use of MMT in Ireland and Spain (43, 45) . MMT coverage, however, exceeded 50% among PWID prisoners in Scotland (44) . Needle and syringe exchange programs was also were reported in Germany and Spain (41, 42, 45) . No data, however, were available in these publications on the effect of the interventions in prison. Finally, 1 study described the implementation of the Screening for Hepatitis C as a Prevention Enhancement (SHAPE) initiative in Massachusetts. Although not specifically targeted to PWID, in this study, researchers aimed to integrate HCV screening into a correctional HIV screening program and link HCV antibody-positive prisoners, 90% of whom were PWID, to clinical care upon release. Evaluation of the program found that 22% accepted HCV screening, 25% accepted HIV screening, and 38% of HCV-infected prisoners who received referrals received postrelease care. Furthermore, HCV screening provided an opportunity to reengage prisoners who had tested positive for HCV antibodies during previous incarceration (35) .
Sex workers
A total of 6 articles were identified that reported relevant information about SWs; these provided 6 data points (n = 5 studies) related to HIV, 2 data points for HBV, and 1 data point for HCV. Four of these studies were from the United States; the remaining articles were from Iran and Ghana (Web Table 2 ) (18, 21, 41, (46) (47) (48) . Two of these studies included data for male and female SWs (18, 41) ; however, in the study from Ghana, the authors did not disaggregate the data by gender (18) . Of the studies in which HIV prevalence data were reported for sex workers and their counterparts who had not been engaged in sex work, the PPR of HIV was 2.6 (95% CI: 2.2, 3.1; P < 0.001) (Figure 4) . HIV prevalence data specific to sex work among imprisoned male and female PWID in the state of Washington were provided in 1 study (41) . More than half of the PWID reported lifetime engagement in sex work. Among female PWID, HIV prevalence among those engaged in sex work was almost 6 times that of female prisoners not engaged in sex work (3% vs. 0.5%, respectively) (41) . In this same study, lifetime engagement in sex work among male prisoners (n = 1,363) was less common (15% of male prisoners) but conferred a 3-fold increased prevalence of HIV infection, compared with their male counterparts (41) . Subsequent data from other parts of the United States indicate lower HIV prevalence among SWs (Web Table 2 ) (30, 48) . In Ghana, only 5% of the 1,366 male and female prisoners reported engagement in sex work; these prisoners also had almost 3-fold greater odds of HIV infection than their counterparts (18) .
Insufficient data for SWs precluded any pooled analysis of HBV or HCV infection (Web Table 2 ). In Ghana, HBV prevalence exceeded 25% in the general prison population; however, Figure 3 . Meta-analysis of prevalence ratios (PRs) of hepatitis B virus (HBV) and 95% confidence intervals from research in prisons and closed settings published between January 2005 and July 2017 that compared prisoners who used injection drugs with noninjecting prisoners. Articles lacking HBV prevalence information for either people who inject drugs or their noninjecting counterparts were excluded from PR estimates.
the odds of HBV infection were 2 times greater among male and female prisoners who engaged in sex work compared with their counterparts (18) . Conversely, HBV prevalence among female SWs in Iran's Isfahan Prison (n = 163) was lower than that of other female prisoners not engaged in sex work (3.4% vs. 8.5%, respectively). HCV prevalence was, however, more prevalent among female SWs and was associated with an adjusted odds that was 8-times that of their imprisoned counterparts (46) . Of the identified articles reporting biological markers among SWs, no studies were found on the coverage of HIV, HCV, or HBV interventions specifically among SWs while in prison.
Men who have sex with men
We found 23 articles that provided data on BBVs among MSM. These included 20 data points on HIV prevalence (n = 18 studies), 5 on HBV prevalence, and 12 on HCV prevalence (Web Table 3 ). The PPR of HIV among MSM was 5 times (pooled PPR = 5.3, 95% CI: 3.5, 7.9; P < 0.001) that of their male counterparts who did not report having sex with men, though there was substantial heterogeneity across studies and regions ( Figure 5 ). Prevalence of HIV infection among MSM was more than 10 times higher than that of male prisoners who did not report having sex with men in the Latin America and Caribbean region. For example, HIV prevalence among MSM in Jamaica was also high at 25%, with an adjusted odds ratio that was 19-fold higher than that of non-MSM populations (49) . HIV prevalence was almost 20 times higher among MSM compared with their male counterparts in the Western Europe region (Web Table 3 ). In Malawi, HIV prevalence was high in the general prison population and ranged from 37% to 57% among MSM, compared with 10% to 40% among non-MSM prisoners (50) . A similar trend of elevated HIV prevalence among MSM was reported in Nigeria (51) . By contrast, no HIV infections were found among the few MSM identified in the most recent surveys in Australia and the Netherlands (27, 52) .
A voluntary STI and HIV screening program in the MSM unit in Los Angeles County, California, prison (n = 4,658) from 2000 to 2005 was evaluated (53) . Researchers found that 13% of MSM were living with HIV. The authors noted that prevalence was potentially underestimated, given that those with known infections tended to decline testing. Though a comparison group was not provided, other analyses from the Los Angeles County prison estimated HIV prevalence to be 2% among other male inmates. Furthermore, HIV incidence was 1.9% among MSM who were reincarcerated (53) . Finally, in a survey of imprisoned PWID in the state of Washington (n = 1,462), 13% reported lifetime or recent (last 6 months) sexual contacts with other men. HIV prevalence among men reporting recent male sexual contacts was almost 11 times that of men without any lifetime sexual engagement with men; however, there was no difference in HIV prevalence for men reporting lifetime but not recent same-sex practices (41) .
HBV prevalence among MSM in prisons and other closed settings was reported in 5 studies from Australia, Iran, Italy, Ghana, and Nigeria (18, 27, 51, 54, 55) . The PPR of HBV was 2.1 (95% CI: 1.4, 3.0; P < 0.001) among MSM compared with male prisoners who did not report same-sex practices ( Figure 6 ). In the 2 West African prison studies, approximately 10% of the male prisoners in Ghana and Nigeria reported engaging in samesex practices. HBV prevalence was high in these settings, though MSM had 2-3 times the prevalence of chronic HBV than did their counterparts who did not have sex with men (18, 51) .
HCV prevalence among imprisoned MSM was reported in 12 articles; among those, the PPR was 1.5 (95% CI: 1.0, 2.2; P = 0.05) relative to their male counterparts, although the difference was not significant (Figure 7) . HCV prevalence varied by study in Brazil. Only 1 male prisoner in a study in Sao Paolo identified as MSM and also tested HCV positive (19 Figure 4 . Meta-analysis of prevalence ratios (PRs) of human immunodeficiency virus (HIV) and 95% confidence intervals from research in prisons and closed settings published between January 2005 and July 2017 that compared sex workers with those who did not report a history of engaging in sex work. Articles lacking HIV prevalence information for either sex workers or their counterparts who were not engaged in sex work were excluded from PR estimates.
prisoners from the Brazilian states of Mato Grosso do Sul and Sergipe identified as MSM, whereas no difference or lower HCV prevalence, respectively, was found when compared with men who did not report having sex with men (56, 57) . Among PWID prisoners in Iran, the prevalence of HCV was generally high (78%) and there was no difference in HCV prevalence among MSM compared with non-MSM PWID prisoners (58) . Yet, in another study from Iran, which more broadly included prisoners with a history of drug use, almost twice the prevalence of HCV among MSM was reported relative to that in other male inmates (59) . Of the identified articles in which biological markers among MSM were reported, any HIV or viral hepatitis interventions for MSM were reported only in1 study. In 2000, a voluntary HIV and STI testing program was initiated in the MSM unit at Los Angeles County, California, prison. During the first year, only 16% of the MSM prisoners accepted HIV or STI testing; however, coverage of testing reached 36% by 2005. The authors noted that MSM prisoners were also provided with HIV prevention education and condom distribution programs, though no coverage estimates for these services were given (53). Andrinopoulos et al. (49) also noted that condom distribution had been recommended twice in Jamaica's prison system to prevent HIV and STI transmission within the prison settings. However, planning of the condom distribution program led to prison riots in 1997, during which inmates identified as homosexual were targeted and killed, leading to an institutional policy to separate MSM from the rest of the prison population. When the recommendation for condom distribution was renewed during the study, riots again broke Figure 5 . Meta-analysis of prevalence ratios (PRs) of human immunodeficiency virus (HIV) and 95% confidence intervals from research in prisons and closed settings published between January 2005 and July 2017 that compared men who have sex with men (MSM) with men who did not report engaging in same-sex acts. Articles lacking HIV prevalence information for either MSM or their counterparts who were not engaged in samesex practices were excluded from PR estimates.
out, purportedly due to concern among prisoners that the public would perceive same-sex activities to be common in prison (49) .
Transgender women
We found only 2 studies in which relevant epidemiologic data were reported on TGW in prison and other closed settings; in both studies, relatively few transgender prisoners were identified (Web Table 4 ). In Massachusetts, only 1 participant reported transgender identity and tested negative for HIV and HCV (35) . In Argentina, 6 of 11 transgender women (54%) housed in a separate unit of a federal penitentiary were living with HIV. Coverage estimates of HIV prevention interventions were not provided, though Hariga et al. (60) indicated that prisoners housed in the unit for TGW receive a weekly (undisclosed) quota of condoms; however, they noted that dispensing boxes were only available in the conjugal visiting room.
DISCUSSION
Global surveys of key populations have documented the increased risk of HIV acquisition and other infectious disease in these groups. Such trends continue within prison. This review and meta-analysis found that across 29 countries, the PPR of HIV infection was as low as 2.6 among SWs and as high 6.0 among PWID, compared with counterparts who were not engaged in sex work or injection drug use, respectively. These estimates demonstrate the increased burden of HIV among key populations and tend to be consistent with regional variations in HIV prevalence (11, 61) .
Despite such regional consistency, our prevalence ratio estimates are lower, in many cases, than the ratios reported in other systematic reviews for key populations outside of prison settings (8, 9, 11, 61) . Such differences may be due to epidemiologic patterns and to differences in systematic review methodology. Prevalence ratio estimates compare the prevalence of HIV among key populations with groups without that behavior; outside of prisons and other closed settings, the prevalence of HIV and viral hepatitis among comparison populations is likely much lower than in incarcerated comparison populations who may have other risk factors for HIV acquisition, even if they are not among the key population of focus, thus increasing the magnitude of the prevalence ratio (1). In addition, past systematic reviews among key populations have traditionally looked at the epidemics in low-and middle-income countries and used odds ratios to compare disease burden among populations (9, 11) . We elected to use prevalence ratios for this analysis, given that the use of odds ratios tends to overestimate the risk of disease when prevalence is greater than 10% (62). Thus, results from past systematic reviews are not directly comparable. Moreover, most available data for this review were obtained from high-and middle-income countries.
Unlike HIV data, data related to HBV and HCV were less frequently available for key populations. Nonetheless, PPRs among MSM and PWID, for whom only sufficient data for analysis were identified, were found to be twice that of their counterparts who did not report sex with men or injection drug use, respectively. HCV was most prevalent and reached a PPR among PWID that was more than 8 times that of noninjecting prisoners. These estimates are reflective of the geographic trends of HCV prevalence among PWID (63) , with high prevalence estimates reported in Asia and the Pacific region and the Eastern Europe and Central Asia region, although the latter were limited to a few publications.
Although this review demonstrated increased prevalence of infections among key populations in prison settings, the extent to which disease acquisition occurred in prison is unknown. Few studies reported whether injection drug use and sexual risk behaviors continued in prison or were newly initiated in Figure 6 . Meta-analysis of prevalence ratios (PRs) of hepatitis B virus (HBV) and 95% confidence intervals from research in prisons and closed settings published between January 2005 and July 2017 that compared men who have sex with men (MSM) with men who did not report engaging in same-sex acts. Articles lacking HBV prevalence information for either MSM or their counterparts who were not engaged in same-sex practices were excluded from PR estimates.
these settings (23, 38) . Furthermore, incidence estimates for PWID and MSM were reported in only 3 studies. Two of these studies, however, were focused on reincarcerated inmates and, thus, cannot be used to determine whether acquisition of HIV and viral hepatitis occurred during incarceration or while in the community (26, 53) . In a study from Australia, however, estimated HCV incidence was 6/100 person-years among continually incarcerated PWID, highlighting the role of ongoing sharing of paraphernalia within prisons and the effect on HCV transmission (38) .
Other research provides evidence to suggest that patterns of imprisonment, rather than vulnerability during imprisonment itself, play an important role in the epidemic among key populations. Patterns of imprisonment, such as increased frequency of imprisonment, age at first incarceration, increased duration of imprisonment, and type of facility (e.g., size or security) have been associated with the prevalence of BBVs among prisoners; they may also generally play a role in the epidemics among key populations (23, 36, 51) . Although less is known about the other patterns of imprisonment, reincarceration also is associated with drug use, engagement in sex work, and gender nonconformity (21) . Findings from surveys of SWs, TGW, and PWID indicate high levels of lifetime arrest and incarceration, as well as reincarceration (64) (65) (66) . These cycles of imprisonment and release may lead to interruptions in prevention and care, increasing risk for transmission, but they also may affect individual livelihoods, employment, and family relationships that can play a role in the initiation or resumption of risk behaviors.
Research among PWID perhaps provides the most insight into this situation. Outside of prison settings, in a study of a prospective cohort of PWID, researchers found that incarceration was associated with a 2-fold increased odds of reinitiating injection drug use among PWID who were no longer injecting at the time of incarceration, thus increasing risk for acquisition of HIV and viral hepatitis (64) . Furthermore, brief durations of imprisonment (<30 days) were associated with a 7-fold increased odds of virologic failure among PWID living with HIV, increasing the risk of onward transmission of HIV (67) . Incarceration is also associated with other related health outcomes; the increased risk of opioid-related overdose after prison release has been shown in numerous international studies (68, 69) . Despite such evidence, the extent to which these patterns affect the epidemic among these key populations are complex and unclear.
We found few reports of disease prevention and care specifically among key populations. The few that were reported generally included condom distribution programs and new testing strategies among MSM, as well as needle and syringe exchange programs and MMT or detoxification for PWID. Butler, 2015 (27) Figure 7 . Meta-analysis of prevalence ratios (PRs) of hepatitis C virus (HCV) and 95% confidence intervals from research in prisons and closed settings published between January 2005 and July 2017 that compared men who have sex with men (MSM) with men who did not report engaging in same-sex acts. Articles lacking HCV prevalence information for either MSM or their counterparts who were not engaged in same-sex practices were excluded from PR estimates.
Notably, the relatively high coverage of MMT among PWID prisoners in Scotland (57%) is similar to MMT coverage outside of prisons, which is considered to be largely responsible for the recent reduction in incidence (44, 70) . No article was identified that described programs available to or accessed by prisoners engaged in sex work or transgender or gender nonconforming prisoners. It is worth noting, however, that an absence of reported coverage of interventions is not necessarily synonymous with a lack of provision of interventions within prison settings. Rather, the lack of findings may be attributable to the fact that our search would have excluded other publications that do not include estimates of prevalence or incidence but that may describe coverage or may be the result of reporting biases, which favor descriptions of disease epidemiology over program coverage. Prevention and care interventions among prison populations may be generally available in prisons; yet, the extent to which these are accessible to and used by key populations is often unknown or unreported (41) . There is evidence from other research to suggest that key populations may not have equitable access to or uptake of prevention and care interventions in prisons and closed settings. In many settings, prison officials and governments are hesitant to provide effective harm reduction interventions, because of concern that they may viewed as condoning illicit activities (71) . In an article from Jamaica, authors reported that public and prisoner outcry when condoms were distributed escalated to violence and security breaches targeted toward MSM or those perceived to be MSM, subsequently terminating plans for condom distribution within the prison facilities (49) . Fear of stigma associated with being seen by prisoners or guards when accessing condoms, other preventive services, or HIV care adds additional barriers to accessing prevention or care services for key populations (72) . Despite these challenges, multiple mathematical models have demonstrated the epidemiologic effects on prisons and on the community when these harm reductions are brought to scale in prison settings (73) . Furthermore, engagement in services before release is crucial for preventing acquisition of BBVs, as well as overdose among PWID, if and when risk behaviors resume in the high-risk postrelease period (74) .
This review is subject to limitations of articles identified in the systematic review; thus, findings should be viewed in light of several limitations of this review and meta-analysis. First, prisoners and key populations may have several overlapping risks, which are not often reported and could not be teased apart in these analyses. For example, in many settings, substantial proportions of SWs may also inject drugs, and PWID may initiate sex work to support substance use (75, 76) . SWs and PWID may also be gender variant and/or engaged in same-sex practices (14, 77) . However, depending on the study, prisoners participating in research may be classified in the key population of focus or in the comparison prisoner group, without recognition of other risk behaviors. Interpretations of the prevalence ratio estimates, therefore, should be viewed in light of such overlap. Other variations in behavioral classification may also bias these estimations of the bloodborne infections among key populations. Across studies, classification into these different key populations range from being based on lifetime history, recent (e.g., last 12 months), or current behaviors while imprisoned, whereas others may be classified on the basis of arrest charges (47) . Study participants may underreport specific behaviors in settings where behaviors are criminalized or stigmatized, particularly if the arrest was for an unrelated charge (50) . In the overwhelming majority of studies, cross-sectional designs were used, limiting the temporal inference of the association between BBVs and prison among key populations. Given this limitation, future research would benefit from prospective studies in which incidence of HIV and viral hepatitis are measured among key populations in prison to better inform targeted approaches for HIV prevention or care during imprisonment and/or upon release to the community.
Finally, the lack of global data pertaining to HIV and viral hepatitis among key populations in prison and other closed settings challenges the external validity of the global, PPR estimates. Data were available for 29 countries, though reports on BBVs in prison facilities are much more widely available (1) . Five percent of articles identified for the full-text review were excluded due to language restrictions, which may have contributed to the limited numbers of countries represented. Nonetheless, the dearth of reports on imprisoned key populations is not to suggest that there are no key populations in prison. To the contrary, criminalization of drug use and related drug offenses is globally prevalent (78) . No data on HIV among imprisoned PWID or other key populations were identified for countries such as China, Vietnam, and Russia, which have high rates of incarceration and HIV among PWID (79) . Furthermore, 71 countries continue to criminalize male same-sex practices (16) and 57 countries are estimated to criminalize or prosecute transgender people (80) , yet few studies were identified in these countries. In fact, only 2 articles reported epidemiologic data for TGW and neither came from a country in which gender nonconformity is criminalized. Criminalization of sex work and related offenses is also globally prevalent, given that different aspects of sex work can be criminalized and that SWs are subject to unlawful arrest in many locations; (15) however, data were only available from 7 studies in 3 countries. Given the likely overrepresentation of key populations in prison directly due to punitive laws, there is no reason that such gaps in epidemiologic surveillance of and prevention and care for BBVs should exist for key populations in prison.
Conclusion
Globally, prisoners bear a greater burden of infectious disease than the general, nonimprisoned population and the prevalence of these BBVs in the prison setting is magnified among key populations. Though reporting of epidemiologic data specific to key populations in prison is limited, we found in this review that HIV and HCV were elevated for MSM, SWs, and PWID populations compared with other prison populations. However, insufficient data were available to assess relative prevalence of all infectious diseases among TGW in prisons and other closed facilities. Where prevalence data for key populations were limited, coverage data for prevention and care of these diseases among key populations were less common but remain important areas to address for the prevention of transmission among key populations in prison and after their release.
